We describe the construction and analysis of recombinant DNA libraries representative of chromosomes 1 and 2 of Chinese hamster (Crlcetulus grl3eus) . Propidium-iodide stained chromosomes were purified by flow cytomeTrlc analysis and sorting, and EcoRI digests of purified DNA were cloned into the bacteriophage vector Charon 4A. These libraries contain DNA complementary to 63* and 69% of nick-translated DNA derived from flow-purified chromosomes 1 and 2, respectively.
INTRODUCTION
Previous approaches toward the cloning of chromosome-specific DNA sequences have relied upon competitive hybridization or species-specific DNA sequences (e.g., Refs. 7-10). The utility of thi3 approach is limited, however, in that a complete library of pure chromosome-specific sequences cannot be generated, (a fact attributable to both the kinetics observed for the reas3ociation of mammalian DNA (11) , and the sequence homology Which exists between rodent and human DNAX12).
A direct approach to the purification of chromosome-specific DNA sequences consists of physical Isolation of the de3ired chromosome by fluorescence-activated sorting in flow (13, 11) . Improvements in the preparation of metaphase ohromosome samples, coupled with advances in flow instrumentation, have improved the resolution and lowered background contamination such that highly purified chromosome fractions can be obtained by sorting ( The utility of chromo3ome-speoific libraries relle3 upon their purity and completeness. The preparative purification of individual chromosomes by flow sorting requires: 1) that properties such as the DNA content of each chromosome be measured with sufficient precision to permit unambiguous resolution (23); 2) that a sufficiently large number of chromosomes be analyzed in a reasonable time; and 3) that at a practicable analysis rate which does not compromise resolution, the chromosomes of interest be sorted reliably from the rest of the population. In this paper, we address each of these issues in the context of the construction of recombinant DNA libraries representative of chromosomes 1 and 2, respectively, of the Chinese hamster (Cricetulus griseus). In addition, we report biochemical and molecular genetio characterizations designed to examine the purity and completeness of these libraries. The results and interpretations of these investigations have significance with regard to future studies relying upon chromosome-specific DNA sequences for genetic and biochemical investigations. Chromosomes were isolated for flow analysis using a modified hypotonic lysis and propidium iodide staining procedure (26) , detailed previously (25) .
Chromosome analysis and sorting were accomplished with a modified Becton-Dickinson FACS II. The modifications were restricted to the electronic components of the system.
Preamplifled signals from the photomultiplier tube were AC coupled into a Los Alamos designed amplifier/integrator (27) . The amplifier and integrator outputs were digitized with 8 bit accuracy and histograms generated in a Digital Equipment
Corporation PDP 11/23 U3ing the LACEL hardware (28) and software (29) .
Sorting windows and coincidence requirements were set in the LACEL sort 
Screening of the Phage Libraries.
Screening of the phage library for phage containing chromosorae-speaific gene sequences wa3 performed by plating phage on Iawn3 of bacteria, and subsequent transfer of plaques to nitrocellulose filters by the method of Benton and Davis (37). Filters were hybridized to pDHFR-11, a P-labeled cDNA recombinant clone of mouse dihydrofolate reductase (dhfr), by methods described previously (38) . Plasraid pDHFR-11 is a pBR322 derivative whloh contains a 1500 bp cDNA insert corresponding to nearly full-length mouse dhfr mRNA (38).
Nucleic Acid Rea3soclatlon Kinetic Analyses in Solution.
Radioactive tracer DNA (specific activity > 2 i 10 cpm/ug DNA) complementary to either total genoraic, or flow-sorted chromosome 1 or chromosome 2 DNA was prepared by nick translation (39) using H-labeled nucleotides. Driver DNA was prepared from CHO cell nuclei, or the recombinant chromosome 1 and chromosome 2 libraries, as described above, and sheared to a single strand length of approximately 500 nucleotide3. Approximately 1-2 ng of the desired tracer was mixed either with 6-60 vg of sheared genomlc DNA or 6 ug of the sheared chromosome-specific library DNAs, and the rea3sociation kinetics as a function of DNA concentration (Co), time (t) and equivalent 3alt concentration (E) assayed by hydroxylapatlte chromatography (32). RESULTS 
Chinese Hamster Flow Karyotype Analysis and Chromosome Sorting.
Chromosome analysis and sorting were performed using a cell sorter In control experiments, each of the three DNA tracers had reactivities in excess of 90% when annealed with total genomio DNA (Table I, and Figure 2) . If the two chromosomal DNA populations Isolated by flow-sorting were mutually discrete, the homologous chromosomal DNA libraries and tracers would be expected to reassociate to a much greater extent than parallel heterologous reactions. This prediction was borne out by the results presented in Table  I . In homologous reassooiations between DNA from chromosome-specific libraries and chromosome-specific tracers, 63% and 69% of the two tracers were in double-stranded molecules when the reactions were terminated at an ECot of 5000. Based on an average insert size of 15 kb in the Charon 1A vector, and by comparison to the kinetics of hybridization of single copy hamster DNA sequences with total genomic hamster DNA (Figure 2b) , we estimate that all repetitive DNA sequences, and approximately 80% of all single copy sequences should have annealed at this value of ECot. In parallel reactions designed to measure reassociation between DNA from chromosome-specific libraries and their heterologou3 tracers, only 28% and 48% of the two tracers Table I . (B) Single-copy Chinese hamster genomic DNA was prepared from the total genomio DNA described in (A) above by self-reassoclation to an ECot of 10 and isolation of the single-stranded DNA fraction by hydroxylapatite chromatography as described in Table I . 1-2 ng of this single-copy tracer was mixed with 20 ug of the unlabeled 500 nucleotide long total genomic DNA, denatured at 100 C, and the rate and extent of hybridization measured as in "A" above. See Materials and Methods for additional details.
were recovered as double stranded DNA at an ECot of 5,000. Furthermore, only 21* and 35J of the total genomic DNA tracer reassoclated with the two chromosomal libraries (Table I) 
